Interaction of 2-[1-(4,6-dimethoxybenzofuran-5-yl)ethylidine]malononitrile (1) with phenylisocyanate, phenylhydrazine, carbon disulphide and arylidenemalononitrile afforded the corresponding pyridine 2, pyrido[2,3-d] pyrimidine 3, phenylhydrazone 4, pyridine 2,6-dithione 8 and benzene dicarbonitrile 9 derivatives . Treatment of 1 with elemental sulfur under Gewald reaction conditions furnished 2-amino-4-(4,6-dimethoxybenzofuran-5-yl)thiophen-3-carbonitrile 11 which used as starting material in the synthesis of thienopyrimidine 14 and thienopyridine 15 derivatives.
Introduction
Activated nitriles have attracted considerable interest as potential building blocks for many nitrogen containing heterocyclic system (1) (2) (3) . Also it is well known that benzofuran derivatives show marked biological activity (4) (5) (6) (7) (8) (9) (10) (11) . Thus, the aim of the present work is to synthesis pyridine, thienopyridine, thiophene, pyrrolopyrazole and thienopyrimidine derivatives containing benzofuranyl moiety to investigate their pharma-cological activity.
Results and Discussion
Treatment of 2-[1-(4,6-dimethoxybenzofuran-5-yl)ethylidene]malon-oitrile
(1) (12, 13) with phenylisocyanate provided N-phenyl pyridone derivative (2) which reacted with an additional mole of phenylisocyanate to afford pyrido [2,3- d]pyrimidine derivative (3) . Compound 3 can be also obtained by reaction of 1 with two moles of phenylisocyanate (Scheme 1). (14) .
On the other hand, when 1 was allowed to react with phenyl hydrazine two products 4 and 5 can be formulated. On the basis of elemental analysis and spectral data structure 5 was readily eliminated. The formation of hydrazone derivative (4) was assumed to proceed via nucleophilic addition and subsequent malononitrile eliminated. The proposed structure 4 was supported by independent synthesis from 5-acetyl-(4,6-dimethoxybenzofuran (6) (15, 16) 
(Scheme 2)
The reactivity of methyl function in compound 1 towards carbon disulphide, arylidene malonitrile and sulfur were investigated. Thus, interaction of 1 with carbon disulphide yielded thiazine derivative (7) which rearranged into pyridine-2,6-dithione derivative (8). The assigned structure was in agreement with analytical and spectral data where 1 H-NMR showed the disappearance of methyl group found in the parent compound and its mass spectrum exhibited a molecular ion peak m/z 344 which was corresponding to the molecular formula C 16 H 12 N 2 O 3 S 2 and this was analogy with previous work (17) .
Treatment of 1 with 4-chlorobenzylidenemalononitrile furnished 1-amino-5-(4-chlorophenyl)-3-(4,6-dimethoxybenzofuran-5-yl)benzene-2,6-dicarbonitrile (9).
Structure 9 was inferred from its elemental analysis and spectral data. The IR spectrum revealed characteristic bands for NH 2 Treatment of 1 with elemental sulfur under Gewald reaction conditions (18) furnished 2-amino-5-(4,6-dimethoxybenzofuran-5-yl)thio-phene-3-carbonitrile (11).
The formation of compound (11) occurred via thiation of methyl group in compounds 1 to afford 10 as an intermediate followed by interamolecular cyclization (Scheme 3). The structure 11 was proved by the presence of a signal at δ 6.7 ppm characteristic for thiophene proton in 1 H-NMR.
Compound ( 
+ (Scheme 3)
The starting material 11 was proved to be a versatile starting material for the synthesis of some novel theinopyrmidine, and thienopyridine derivatives. Thus, interaction of 11 with phenyliso-thiocyanate in pyridine led to the formation of thiourea intermediate derivative (12) which could be cyclized into a product that may be formulated as 13 which rearranged into the most stable isomeric derivatives (14). The mass spectrum of 14 exhibited a molecular ion peak at m/z 435 (M + , 0.77%) which was compatible to molecular formula C 22 H 17 N 3 O 3 S 2 of structure (14).
Further more thienopyridine derivative (15) formed when 11 was allowed to react with 4-chlorobenzylidene malononitrile (Scheme 4).
On the other hand; Schiff's base (16) was obtained from the reaction of 11 with 4-chlorobenzaldehyde in ethanolic piperidine. IR spectrum showed the disappearance of NH 2 group and presence of (C ≡ N) group at 2206 cm - The characteristics data for the prepared compounds were given in Table (1) .
2-Amino-1,6-dihydro-4-(4,6-dimethoxyfuran-5-yl)-6-oxo-1-phenylpyridine-3-carbonitrile (2):
A solution of 1 (3.9 g 0.01 mol) and phenyl isocyanate (1.19 gm, 0.01 mol) in pyridine (20 ml) was refluxed for 8h then allowed to cool. The precipitate was filtered off and crystallized from ethanol to give 2 
3,4-dihydro-4-imino-5-(4,6-dimethoxybenzofuran-5-yl)-3,8-diphenyl pyrido [2,3-d] pyrimidine 2,7 (1H, 8H) dione (3):
A solution of (1) (3.9 gm 0.01 mol) and phenylisocyanate (2.38 gm, 0.02 mol) in pyridine (20 ml) was refluxed for 12h. then allowed to cool. The precipitate was filtered off and crystallized from acetic acid to give 3. Compound 3 was also obtained by refluxed (2), (3.87 gm, 0.01 mol) with phenylisocyanate (1.19 gm, 0.01 mol) in pyridine (30 ml) for 6h.
2-[4,6-dimehoxybenzofuran-5-yl ethylidene] phenyl hydrazone (4):
A solution of 1, (3.9gm, 0.01 mol) and phenyl hydrazine (3.08 g, 0.01 mol) in ethanol (50 ml) was refluxed for 2h. The solid obtained was crystallized from nhexane to give 4. Compound 4 can be also obtained by refluxed (4.6-dimethoxy-benzofuran-5-yl) methyl ketone (6) 0.66 gm, 0.01 mol) and phenyl hydrazine (1.19 gm, 0.01 mol) in ethanol (40 ml) for 2h.
4-(4,6-dimethoxybenzofuran-5-yl)-3-cyanopyridin-2,6-dithione (8):
To a solution of (1) (3.9, 0.01 mol) in pyridine (5 ml), carbon disulphide was added and the solution was heated under refluxed for 8h in water bath. After cooling methanol (30ml) was added and the solid separated was washed with P.E 80-100ºC then crystallized from ethanol to give 8 ( 
1-amino-3-(4-chlorophenyl)-5-(4,6-dimethoxy-benzofuran-5-yl) benzene-2,6-dicarbonitrile (9).
A solution of (1) (3.9 gm, 0.01 mol) and 4-chlorobenzlidene malononitrile (1.88 g, 0.01 mol) in ethanol (30 ml) in presence of few drops of piperidine was refluxed for 3h. Then the solid obtained filtered then crystallized from P.E. 80-100ºC. to give 9. (Table 1 
2-amino-5-(4,6-dimethoxybenzofuran-5-yl)thiophen-3-carbonitrile (11):
Method A :
A solution of (1) (3.9 g, 0.01 mole) and sulfur powder (0.32 gm 0.01 mole) in ethanol (50 ml) containing drops of piperidine, was refluxed for 3h. the reaction mixture was cooled filtered the resulting solid was crystallized from ethanol.
Method B:
A mixture of (6), (2.34 g, 0.01 mol), malononitrile ( 0.66 gm, 0.01 mol) and sulfur powder (0.32 g, 0.01 mol) was refluxed in ethanol (50 ml) containing few drops of triethylamine for 2h. Filtrate the mixture, cool and the resulting solid was recrystalized.
IR (11) 
2-Anilino3,4-dihydro-5-(4,6-dimethoxybenzofuran-5-yl)thieno [2,3-d) pyrimidin-4-thione (14):
A solution of (11), (3g, 0.01 mol) and phenyliosthiocyanate (1.19g 0.01 mol) in dioxane (20ml) was refluxed for 5h. The solvent was distilled off and the solid product which formed on cooling was isolated by filteration and identified as 14. (Table 1) with a base peak at 181 and significant peaks at 154 (3.4%), 137 (2%), 108 (1.1%) and 94 (5%).
4-Amino-3-cyano-2-(4-chlorphenyl)-5-(4,6-dimethoxybenzofuran-5-yl)-thieno [2,3-b] pyridine (15):
Equimolar amounts of (11) (0.3 g, 0.01 mol) and 4-chlorobenzylidenemalonitrile (1.89 g, 0.01 mol) was refluxed in dioxane (30ml) in presence of few drops of piperidine for 3h. Then the solvent was concentrated, the solid obtained was crystallized from P.E-60-80ºC to give 15 ( 
2-(4-chlorobenzylidene amin)-4-(4,6-dimethoxy-benzofuran-5-yl) thiophen -3-crabonitrile (16):
A solution of (11) (3.0 g 0.01 mol) and 4-chlorobenzoldehyde ( 1.45 g, 0.01 mol) in ethanol (20 ml) containing few drops of piperidine was refluxed for 4h. The solvent was removed and the solid obtained was crystallized from n hexane ( 
2-(2-[4-chlorphenyl] 4-oxo-thiozolidin-3yl)-5-(4,6-dimethoxybenzo-furan-5-yl) thiophen-3-amine (17):
A solution of (16) (4.22, 0.01 mol) and mercaptoacetic acid (0.92 g, 0.01 mol) in dry benzene (50 ml) was refluxed for 6h. The resulting solid washed with petroleum ether and crystallized from ethanol to give 17 (Table 1) 
